Purpose To describe an association between optic disc traction and diabetic macular oedema (DME) unresponsive to laser treatment. Methods A retrospective review of all patients with DME who attended our clinic between September 2001 and November 2003 was undertaken. The patients had undergone ophthalmic history and examination, fluorescein angiography, and optical coherence tomography (OCT) of the macular area and optic nerve head (ONH). A total of 10 nonvitrectomized eyes that were found to have an elevation of the ONH secondary to vitreopapillary traction were included in the analysis. Eyes with additional traction at the posterior pole were excluded. Results Out of the 10 eyes (seven patients, aged 47-79 years) with vitreo-papillary traction, nine had previously undergone argon laser photocoagulation(s) for DME. In seven eyes (seven patients), OCT verified the vitreopapillary traction as the sole traction, whereas in the fellow eyes of three patients vitreomacular traction was evident as well. In the seven eyes with only vitreopapillary traction, OCT demonstrated parapapillary serous retinal detachment in two eyes and a diffuse DME in all eyes (mean foveal thickness, 3967144 lm). Maximal thickness of the papillo-macular bundle site was adjoining the elevated ONH in three eyes, and was maximal at the central macula in the other four eyes. Ultrasonography (n ¼ 5) revealed an incomplete detachment of the posterior hyaloid in each, adherent only at the ONH. Conclusions Diffuse DME unresponsive to laser treatment may be associated with vitreopapillary traction. Further studies should indicate whether these two phenomena could suggest a cause and effect in such eyes.
Introduction
Vitreopapillary traction has been the focus of attention in eyes with 1, 2 or without 3-5 diabetic retinopathy. Diagnosis of the optic nerve head (ONH) traction was based on clinical examination and/or ocular ultrasonography. [1] [2] [3] [4] [5] It may result from either a contracted fibrocellular vitreal membrane or an incomplete detached posterior hyaloid. It has been suggested that vitreopapillary traction may damage the anterior optic nerve, and whereas the effect appears to be reversible, in the long term it might lead to irreversible optic nerve atrophy. 2 Based on the surgical outcome in diabetic eyes, early diagnosis of vitreopapillary traction followed by early vitrectomy could improve visual acuity and visual-evoked potentials and prevent progressive optic atrophy. 2 Diffuse diabetic macular oedema (DME) has been found to be associated with high levels of cytokines such as vascular endothelial growth factor in the vitreous, that could affect the tight junctions of both the blood-retinal barrier as well as the retinal pigment epithelial cells. 6 Increased levels of angiotensin II in the vitreous, and of interleukin-6 and vascular endothelial growth factor in the aqueous humour and plasma, have also been associated with DME. 7, 8 The Early Treatment Diabetic Retinopathy Study Research Group showed that, in eyes with DME, focal laser photocoagulation reduces the risk of moderate visual loss by 50% or more, decreases the frequency of persistent macular oedema, and increases the chance for improvement in best-corrected visual acuity (BCVA). However, 15% of eyes experienced moderate visual loss after 3 years of followup despite focal laser photocoagulation. 9 Lee and Olk 10 report that gridpattern laser photocoagulation for diffuse DME stabilized visual acuity in 61% of diabetic eyes. Visual acuity decreased by three or more lines in 14.6% of the eyes in their series. In a continuous search (for decades) for treatments that lead to reduction of extravasation from leaking blood vessels, Jonas et al 11 made a report on 26 eyes of 20 patients with diffuse DME, some of whom following failed laser treatment, who were treated with intravitreal administration of 25 mg triamcinolone acetonide. 11 After a relatively short follow-up (6.676.1 months; minimum F 1 month), visual acuity of 19% of the eyes did not improve. In another study, 4-mg intravitreal triamcinolone acetonide was administered into 16 eyes with DME unresponsive to laser treatment. 12 In the latter study, pretreatment optical coherence tomography (OCT) examination ruled out vitreomacular traction. After 3 months, the mean central macular thickness decreased by 57.5%, as measured with the OCT. However, this still remained above the normal macular thickness. Furthermore, out of eight eyes that completed 6 months of follow-up, reinjection of triamcinolone acetonide was required in three of them, because of recurrence of macular oedema.
Diffuse DME may be associated with vitreomacular traction. Massin et al 13 report that vitrectomy is beneficial only in eyes in which the diffuse DME is combined with vitreomacular traction by a taut posterior hyaloid. 13 In their study, retinal thickness returned to normal levels in two of the seven operated eyes but remained slightly increased in five, with persistent intraretinal cysts. In another study on diffuse DME associated with taut posterior hyaloid unresponsive to laser treatment, in which the premacular posterior hyaloid was attached, vitrectomy with removal of the posterior hyaloid was beneficial in some cases. 14 Kaiser et al 15 reported on nine patients who had thickened, taut posterior hyaloid, with no posterior vitreous detachment. Eight of the nine eyes had posterior hyaloid traction of the macula associated with a shallow macular traction detachment. 15 In contrast, other researchers suggest that vitrectomy is beneficial for DME even when the latter is not combined with macular traction, 16, 17 and that it is also beneficial when the posterior hyaloid is already detached from the posterior pole. 18 Optical coherence tomography (OCT) may perform micron resolution cross-sectional imaging in biological tissues. 19, 20 OCT sections taken through different radial planes, each passing through the ONH (Figure 1 ) and the macular area, can be used to assess the profile of both. The purpose of this study was to describe an association between sole optic disc traction and DME, which was unresponsive to laser treatment(s).
Methods
We retrospectively reviewed all cases with diabetic macular oedema that attended our clinic at the Hillel-Yaffe Medical Center, Hadera, between September 2001 and November 2003. The patients had undergone ophthalmic history and examination, colour photography and fluorescein angiography. Ten nonvitrectomized eyes of seven patients with diabetic retinopathy, that were found clinically and/or by OCT to have vitreopapillary traction, were included in the analysis. Eyes with additional traction of the posterior pole, for example, vitreo-macular traction, were excluded from the analysis.
Each eye underwent OCT examination of the posterior pole. The OCT examination (Carl Zeiss Meditec, Dublin, CA, USA) initially included six radial lines (4-mm length each) centred at the optic disc and six others (6-mm length each) centred at the macula. A horizontal scan between the macula and ONH was performed to evaluate the papillomacular area. An OCT diagnosis of Figure 1 OCT appearance of a normal ONH.
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Eye vitreopapillary elevation and traction was based on the appearance of the ONH elevation above the retinal surface associated with vitreous traction bands at the disc ( Figure 2 ). Ultrasonography was carried out in five eyes (four patients) to evaluate the connection between the vitreopapillary traction membrane and the retinal periphery. The main outcome measures were the appearance of the ONH, macular configuration and thickness, and vitreous traction bands as detected by the OCT. The approval of Ethics Committee was not required for this study.
Results
In 10 eyes of the seven diabetic patients, aged 47-79 years (mean 62711), who were referred to our outpatient clinic for evaluation of macular oedema, elevation of the ONH was suspected during biomicroscopy in each. An OCT examination of the 10 eyes confirmed traction and elevation of the ONH towards the vitreous compartment by vitreopapillary membranes (Table 1) . Of the 10 eyes, nine had previously undergone argon laser photocoagulation. In one eye of each of the seven patients it was the sole traction, whereas in the fellow eyes of three of the patients vitreomacular traction was evident as well (Table 1) .
In the seven eyes with only vitreopapillary traction, BCVA ranged from 20/60 to hand movements (Table 1) . One eye was pseudophakic (No. 2), and in two eyes cataracts ( þ 2) were present. Three proliferative diabetic retinopathy (PDR) eyes underwent prior pan retinal photocoagulation (PRP). These three eyes and three other eyes with nonproliferative diabetic retinopathy (NPDR) were previously treated for macular oedema. Two PDR eyes and two NPDR eyes underwent macular grid treatment for diffuse DME, while one PDR eye and one NPDR eye were treated focally for focal DME (Table 1 ). The remaining eye (No. 4), OCT demonstrates nasal traction of the ONH by the posterior hyaloid. Diffuse macula oedema is apparent, having its maximal thickness at the papillomacular bundle site adjacent to the ONH.
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with neovascularization at the disc, was not previously treated by argon laser. Vitreous traction was more evident nasally in one eye (No. 1, Figure 2) , whereas in the six other eyes it demonstrated double or more, stranded membranes in various locations at the disc, retracting the ONH into the vitreous compartment ( Figure 3) . In each of the seven eyes with sole vitreopapillary traction, diffuse DME (Figure 2 ) was found using OCT. Mean foveal thickness was 3967144 mm (range, 211-560 mm). Maximal thickness was detected at the papillomacular bundle site adjacent to the elevated ONH (Figures 2 and 3(b) ) in three eyes, and at the macular site (Figure 4 ) in the other four eyes. In two eyes (Nos. 2 and 4; Figure 3(a) ) a parapapillary hyporeflection space was noted between the retina and retinal pigment epithelium, corresponding to a shallow serous retinal detachment, though without macular detachment. In three patients, their fellow eyes presented with vitreopapillary as well as vitreo-macular traction. Diffuse macular oedema was evident in each (Table 1) .
Ultrasonography was performed in five eyes of four patients (Nos. 1-4, bilaterally in patient 3), and demonstrated in each a dense stalk at the prepapillary site. In each, relatively thick vitreal bands were adherent to the stalk. These bands became thinner towards the periphery in four eyes or remained dense throughout their length up to the retinal periphery in the remaining eye. In each, these membranes corresponded to an incompletely detached posterior hyaloid ( Figure 5 ).
Discussion
Diffuse macular oedema unresponsive to laser treatment was found to be associated with vitreopapillary traction in some eyes with PDR or NPDR. Parapapillary serous retinal detachment was detected in two eyes as well. Two variants in the contour of the diffuse oedema could be Ultrasound examinations in five eyes suggest that the traction bands were actually the incompletely detached and thickened posterior hyaloid, which were adherent to the ONH in each. The thickened posterior hyaloid could be the result of encroachment and growth of a peripapillary fibrous tissue over it. Contraction of that tissue could probably result in optic disc traction and inward elevation. In this regard, Foos 21 postulated that posterior detachment of the vitreous begins in the macular region superiorly and continues nasally towards the ONH. Uchino et al 22 in a study of 209 healthy eyes using OCT, report that posterior vitreous detachment initially occurs at the perifovea, extending its range slowly for years, while vitreopapillary adhesion is the last to separate. 22 In our study, six of seven eyes underwent laser treatments prior to the current diagnosis of vitreopapillary traction. It is possible that vitreopapillary traction existed prior to the laser treatment(s), either PRP and/or macular grid, although its incident following the laser treatment(s) cannot be ruled out. Diffuse macular oedema was found in each, with mean foveal thickness of 3967144 mm, whereas in normal, nondiabetic eyes it ranges between 161.9712.9 23 and 153715 mm. 24 Studies report partial or short-term resolution of diffuse DME following laser treatment or intravitreal triamcinolone acetonide administration. [10] [11] [12] In several studies, vitrectomy was found beneficial for DME even when the latter is not combined with macular traction. [14] [15] [16] [17] [18] If additional data prove a cause-and-effect association between vitreopapillary traction and diffuse DME in some eyes, it is possible that in the aforementioned studies, some of these cases could have been associated with vitreopapillary traction, a phenomenon that does not seem rare. 2 Furthermore, vitrectomy might treat existing peripapillary detached retina and its sequelae. It has been suggested that surgery for vitreopapillary traction should be performed meticulously since the removal of the adherent peripapillary membranes or posterior vitreous may be accompanied by an inadvertent excision of axons that may further compromise visual acuity or visual field. 25 Kroll et al (1999) describe 17 patients with PDR, in whom disc elevation was clinically evident in one eye of each. Eyes with macular oedema were excluded from the study, and traction of the optic disc was thus described only on its nasal side, associated with ONH pallor and reduced visual acuity. The surgery improved BCVA and visual-evoked potentials in most eyes. The authors suggest that vitreopapillary traction may damage the anterior optic nerve via decreased axoplasmic flow in the optic nerve fibres and/or mechanical reduction of perfusion in the posterior ciliary arteries. They add that the effects of each mechanism appear to be reversible, but in the long term might lead to irreversible optic nerve atrophy. 2 In our series, vitreopapillary traction at various sites of the ONH is presented. Wisotsky et al (1998) Figure 5 Ultrasonography shows a dense stalk in front of the disc. Echoes corresponding to incompletely detached posterior hyaloid are relatively dense throughout their length from the stalk to the retinal periphery.
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M Karatas et al present two diabetic patients with vitreopapillary traction in one eye each, based on ocular examination and ultrasonography. The first patient had NPDR, whereas the second did not show signs of diabetic retinopathy. In each of the two eyes, posterior vitreous was incompletely detached, adherent only to the ONH. 5 These studies suggest that vitreopapillary traction may be part of the natural course of diabetic retinopathy, with either NPDR or PDR. In the current series with vitreopapillary traction, macular detachment was not detected but rather localized detachment of the peripapillary area and/or diffuse DME were found. In contrast, Kaiser et al 15 report that taut posterior hyaloid could be associated with diabetic macular detachment.
Recently, we reported on OCT findings of vitreopapillary traction in three eyes (three patients) with CRVO. 26 In each of the three eyes, secondary peripapillary retinal traction and macular/retinal detachment ('optic disc traction syndrome') developed. It is possible that dense fibrous membranes, which appear following haemorrhage secondary to the CRVO at the ONH site, retract the ONH substantially to result in retinal detachment. Furthermore, the marked reduction of vision following CRVO and the often appearing dense fibrous membranes several weeks after the occlusive event could result in a delay in both new patient complaints and/or in diagnoses of the detachment. In contrast, vitreopapillary traction in diabetic eyes seems to be milder, although it can result in ONH elevation, and possibly in stretching and kinking of ganglion cell axons and the prelaminar blood flow. These could result in an adjacent parapapillary detachment or diffuse oedema and earlier patient complaints.
We were unaware of any previous reports of patients with vitreopapillary traction associated with diffuse DME, and we could find no reference to it in a computerized search using Medline. The OCT is a powerful tool to demonstrate these pathologies. Limitations of the study may be related to the possibility that in some cases with sole vitreopapillary traction, vitreomacular traction was not detected because the current OCT enables the detection of traction bands with thickness up to 10-15 mm, but not thinner. However, in addition to the importance of early diagnosis of vitreopapillary traction and probable early surgery for the prevention of progressive optic atrophy in some eyes, 2 further studies should indicate whether diffuse DME, or maybe certain oedema contours such as maximal thickening in proximity to the elevated ONH, could suggest a cause and effect with vitreopapillary traction in these eyes.
